The effects of dietary pretreatment on longitudinal ulcers of the intestine induced by indomethacin given intracolonically were investigated in rats. The rats were pretreated with either standard diet or liquid meals. Intracolonic indomethacin (24 mg/kg/day) given for two days produced longitudinal ulcers and small scattered ulcers in the small intestine in the control rats that were receiving standard pelleted formula. Three days pretreatment with one of two types of liquid meals, low residual diet (LRD) or elemental diet (ED), significantly reduced the incidence (3% in ED group and 0% in the LRD group) and the length of the longitudinal ulcers in the small intestine. The caecum was affected in each dietary pretreatment group (67% in controls, 80% in LRD group, and 69% in ED group). Colonic ulcers that were located in a longitudinal fashion were found in 42% of LRD group, while these ulcers were less frequently found in the ED group (13%) and controls (0%). Development of ulcers in the caecum and in the colon of rats in ED and LRD groups was more delayed than that of small intestinal ulcers ofcontrol rats. In another experiment, pretreatment by ED significantly increased colonic tissue leukotriene B4 concentration when compared with that of controls. These findings suggest that the site of experimental enteropathy induced by indomethacin given intracolonically can be modified by dietary pretreatment. This animal model can be available for investigating differences in the pathophysiology of enteropathy according to the site of involvement.
Abstract
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There remains some controversy, however, as to whether decreased prostaglandins directly result in damages in gastrointestinal mucosa. [7] [8] [9] We have previously described the effects of indomethacin when it was intracolonically given to the rat intestine, and we reported that this agent caused ulcers, predominantly in the small intestine.'0 Satoh et all' previously investigated the role of refeeding in the site of involvement within the gastrointestinal tract of the rat when indomethacin was given subcutaneously, and they found that liquid meals just before administration significantly reduced the degree of damage in the small intestine. The effect, however, of feeding both before and after treatment in the enteropathy has not been fully investigated.
In addition, based on the fact that the caecum was more frequently affected by intracolonic indomethacin in conventionally fed rats than in the previous investigations of oral or subcutaneous administration,'0 we speculated that there may also be differences in the site of involvement in rats treated by this modified route of administration, according to the kind of food continuously given before and after treatment. We therefore compared the effect of solid meals and liquid meals. The liquid meals examined included both low residual type and elemental type. Both of these are commercially available and are known to be effective in the treatment of human Crohn's disease as enteral feeding.12 In addition, an attempt was made to investigate whether any correlations can be found between prefeeding and tissue leukotrienes within the intestine.
Methods

ANIMALS
Male Wistar rats (150-200 g), aged from 6 to 8 weeks, purchased from Kyushu Animal Corporation (Tosu, Saga, Japan) were used in this study. They were kept in a room with restricted access at a controlled temperature. The animals were housed in wire cages with a maximum of six animals in each cage. Standard laboratory pelleted formula and tap water were provided ad libitum, until dietary pretreatment was begun.
STUDY PROTOCOL
The animals were divided into three groups according to the dietary pretreatment. Each diet was started three days before the induction of intestinal ulcers, and was continued until the animal was killed. The animals were killed 24, 48, or 72 hours after the administration of indomethacin, and damage to the intestine was investigated. the intestinal lumen and measured more than 10 mm in longitudinal length. The total lengths of the small intestine and of the longitudinal ulcers were measured, and the longitudinal ulcer index was defined as the ratio of the length of the measured ulcers v the length of the small intestine. Scattered small ulcers were defined as any ulcer smaller than 10 mm in its largest diameter, regardless of its location, and more than 5 mm distant from the longitudinal ulcers. The number of these ulcers was counted, and this figure was used as the small ulcer index.
The caecum and the colon were also examined. The largest diameter of those caecal ulcers that measured more than 5 mm in diameter, and the number of ulcers smaller than 5 mm both in the colon and the caecum were recorded.
SERUM INDOMETHACIN CONCENTRATION
In rats that were killed 24 hours after the second administration of indomethacin, blood samples were obtained from the inferior vena cava. These blood samples were centrifuged, and the serum concentrations of indomethacin were measured by high performance liquid chromatography.
TISSUE LEUKOTRIENES B4 AND C4 MEASUREMENT
In another experiment, tissue samples of the small intestine, the caecum, and the colon were obtained from the animals for the measurement of leukotrienes B4 (LTB4) and C4 (LTC4) before the induction of gastrointestinal damage. Samples of the small intestine were obtained from the upper jejunum (10 cm from the pylorus), from just the middle of the small intestine, and from the lower ileum (10 cm from the ileocaecal junction). The After induction (h)
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Results
GENERAL FINDINGS
The rats constantly ingested each typ both before and after the induction c intestinal damage. After induction (h) Figure 3 : I(icidelcie of lon)ilgitildiiial u(lcers (A) anid smiall ui/cers (B) o,f the smiiall miitestiue ztuth/im the three di/et groups. The ineide'ece of longiti(diial ztas s ngificantlv hliglher in the SD grou(p than iln the SD and LRD grouips at 24, 48, and 72 hours cifter inldoniiethacil. Althouigh the incidence of (siiall i/lcers z!as si((lilar amiong the gr-ou1ps, it graduall/ icireased m'n the LRD groutp. not different between the three groups (Table  II and Fig 3) , the number of ulcers was less in the ED group (4(2)/rat) and in the LRD group (4(3)/rat) than in the SD group (9(3)/rat, p<005).
CAECAL AND LARGE INTEST]
The caecum was frequ rats ingesting LRD or EL damage in rats in the characterised by small ulc than 5 mm in diameter, th the LRD group or in the E severely damaged by rounc that measured more than and the whole thickness of severely inflamed (Fig 4) . N After induction (h) After developed within 24 hours in the SD group, the ulcer tended to develop later in the ED group and LRD group ( Figure 5 ). The colon of rats in the LRD group and in the ED group was frequently affected by small ulcers, whereas these colonic ulcers was not seen in the SD group. The incidence of colonic ulcers was higher in the LRD group than in the ED group (63% in the LRD group v 20% in the ED group after 48 hours, and 60% in the LRD group v 17% in the ED group after 72 hours) (Fig 5) . The ulcers were located in a longitudinal fashion in the LRD group (Fig 6) . The number of the colonic ulcers, however, was not significantly different between the ED group (5(4)/rat) and the LRD group (6(4)/rat).
TISSUE LEUKOTRIENES B4 AND C4 Figure 7 shows the tissue concentrations of LTB4 and LTC4 in rats pretreated by either SD, ED, or LRD for 48 hours. Six rats were investigated in each group. While tissue LTC4 was not different among the groups at any site of the intestine, tissue LTB4 was statistically higher in the ED group than in the SD or LRD group. In particular, LTB4 of the caecum (1-68(0-16)pg/mg and the colon ). While the caecal low residual diet significantly prevents these SD group was lesions," 3 and they therefore speculated ers measuring less that the solid components of a diet may play e caecum of rats in an important part in the pathogenesis of ID group was more experimental enteropathy induced by this i or irregular ulcers drug. In the investigation by Satoh et al, "I one 5 mm in diameter, hour of refeeding by liquid meal just before the the caecal wall was subcutaneous administration of indomethacin While caecal ulcers obviously prevented the small intestinal lesions.
In by the colonic administration of indomethacin applied in this study. Indomethacin may have directly damaged the colon, which contained less faeces because of the liquid meal pretreatment. Because the colonic ulcers (and also scattered small ulcers of the small intestine) occurred later, however, in the liquid diet groups, and as the food intake after treatment was similar among the groups, it seems reasonable to attribute the occurrence of these delayed lesions to the continuous feeding of liquid diet after indomethacin. It has been recently reported that neutrophil-endothelial interaction15-17 and microcirculatory disturbances18 within the mucosa are the initial step in the pathogenesis 2 5
of gastroenteropathy induced by non-steroidal anti-inflammatory drugs. In our experiment, both ED and LRD are considered to have suppressed the subsequent bacterial invasion2 5 6 19 all ulers, which were located in or dietary stimuli11 13 in the small intestine. In the colon, however, the continuous stream and the specific composition of diarrhoea, but not it even in rats treated by the solid faeces or bacteria, seems the factor thacin, solid components that enhances the mucosal damages. id after treatment play
The liquid meals used in this study in the pathogenesis of have been known to change epithelial cell small intestine.
proliferation in the rat small intestine or in the small intestine, the the colon.20-24 Maxton et al20 reported that on of rats ingesting liquid elemental diet and complete liquid meals ly affected by small ulcers. induced atrophy in the terminal ileum of rats.
is were not seen in any of In other experiments,2' 22 24 atrophy in the tandard diet as confirmed colonic mucosa induced by elemental diet has ivestigation by Ligumsky been confirmed. Thus, the difference in the ment of colonic damage in frequency of colonic involvement between the )s may be partly explained ED and LRD groups in this study can be explained by the difference in the degree of proliferative activity within the colonic mucosa Caecum both before and after indomethacin treatment, which has been recently confirmed to accelerate cell losses from the epithelial surfaces.25 .es|$ t mm group.bmj.com on June 22, 2017 -Published by http://gut.bmj.com/ Downloaded from can be intentionally produced by a method that includes dietary pretreatment. This may contribute to the understanding of the difference in pathophysiology of enteropathy within the intestine.
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